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Abstract
Background  The application of international recommendations for paediatric maintenance haemodialysis (HD) could be 
strengthened by national laws or written recommendations. Our aim was therefore to describe the national rules governing 
paediatric maintenance HD in European countries.
Methods  A national representative, approved by the president of each paediatric nephrology society, was contacted in all 
42 European countries to complete two online questionnaires.
Results  Answers were received from 36 countries. The population served by HD centres varies from 83,000 to 1,197,000 
residents below 18 years of age and the estimated mean number of children on HD per centre from 0.2 to 13.5. The lowest 
age at which a child can be dialysed in an adult centre varies from 0 to 18 years. Laws or written national recommendations 
specifying: this age, the need for a paediatrician as part of medical team in mixed adult–paediatric centres, the minimum 
number of doctors per centre and the number of patients per nurse or nurse’s aide required during sessions exist in only 25, 
22, 22, 44 and 8% of the countries, respectively. Similarly, dietitians, social workers, school service, psychologists and play 
specialists/youth workers are required by law or written national recommendations in 36, 28, 36, 31 and 14% of countries, 
respectively.
Conclusion  Laws or written national recommendations for paediatric maintenance HD are rare in European countries and 
very heterogeneous when they exist. This calls for discussion among paediatric and adult nephrologists and health authori-
ties on the organisation of safe and effective paediatric HD practices.
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Introduction

Kidney transplantation is the best option for kidney replace-
ment therapy (KRT), but many children require maintenance 
dialysis and nearly 50% of children requiring long-term 
dialysis in Europe are treated with haemodialysis (HD), as 
indicated by the most recent 2016 data from the ERA-EDTA 
registry [1]. Thus, about five children below 15 years of age 
per million are currently on maintenance HD in Europe [1], 

and the prevalence is likely to increase further since KRT 
has been widely accepted in younger children, those with 
complex multi-organ disease [1], and in otherwise stable 
children from the first days of life [2].

The principles of HD and the basic technical require-
ments are similar for adults and children, but the child’s size 
and the haemodynamic specifications require paediatric-
specific adaptations of HD technology. Variations in body 
weight require extracorporeal system priming in the young-
est children and precise ultrafiltration management. Within 
the paediatric HD population, children weighing less than 

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s00467-025-06667-8&domain=pdf
http://orcid.org/0000-0001-9073-4662


2044	 Pediatric Nephrology (2025) 40:2043–2051

10 kg represent 2 to 9% of patients starting HD and those 
weighing less than 20 kg, 11 to 37% of this population [3, 
4]. These small children are most challenging since they face 
a substantial lack of equipment adapted to their sizes and 
advanced dialysis techniques, such as online haemodiafil-
tration, blood volume monitoring, blood volume controlled 
ultrafiltration, access recirculation monitoring, temperature 
control, urea clearance monitoring and sodium control, have 
neither been designed nor validated for children, but health-
care staff working in paediatric dialysis centres often use 
such devices or options off label [3, 4].

Moreover, the children receiving HD suffer from a large 
variety of underlying diseases, each of which demands spe-
cial knowledge and treatment, and these patients are particu-
larly vulnerable to the long-term consequences of inadequate 
schooling and psychosocial support.

In this context, the European Paediatric Dialysis Work-
ing Group (EPDWG) and the American Society of Pediatric 
Nephrology have described the components of care neces-
sary for children on dialysis therapy, advocating care by a 
multidisciplinary team in a paediatric unit [5, 6]. However, 
their application could be strengthened by national laws or 
written recommendations that address the minimal human 
and technical resources required for proper care and patient 
needs.

The aim of this study was therefore to describe the laws 
and national recommendations underpinning maintenance 
HD for children in Europe. The results could form the 
basis for the development of national standards and enable 
countries that do not have a sufficient framework to begin a 
process of discussion and quality improvement in order to 
obtain resources for the care of children receiving HD.

Methods

This study was performed with the support of the European 
Society for Paediatric Nephrology (ESPN), European Rare 
Kidney Disease Network, EPDWG, and the presidents of 
each national paediatric nephrology society in Europe.

National representatives, nominated and/or approved by the 
president of each national paediatric nephrology society, were 
contacted in all 42 European countries to complete two online 
questionnaires, the first between January and April 2023 and 
the second between September 2023 and January 2024. The 
two questionnaires were compiled during online meetings with 
members of the EPDWG together with the national representa-
tives. The first questionnaire consisted of a comprehensive list 
of 19 questions on the legislative framework for paediatric 
maintenance HD, as well as structure and team composition of 
centres in charge of paediatric maintenance HD (Supplemen-
tary Table 1). The second questionnaire sought further details 

on the type of rules governing the organisation of paediatric 
HD: written legal text from national governments, written rec-
ommendations from the national paediatric nephrology society, 
unwritten consensus within the national paediatric nephrology 
community or none (Supplementary Table 2). In addition, a 
supplementary question regarding reimbursement for HD and 
transport was sent by email in September 2024.

The number of HD centres in charge of paediatric dialysis 
in each country was reported relative to the population under 
18 years of age according to the United Nations World Popu-
lation Prospects 2022 [7]. The prevalence of maintenance 
HD was estimated using the ERA-EDTA registry (courtesy 
of Dr. Marjolein Bonthus) for all countries with available data 
and using Kuratorium für Dialyse und Nierentransplantation 
(KfH) data (courtesy of Prof. Günter Klaus) for Germany.

Results

We received responses to both questionnaires from 36/42 
countries; all European Union countries where paediatric 
maintenance HD is performed responded. The response from 
the Luxembourg representative was that paediatric main-
tenance HD was not performed in his country. We did not 
receive a response from two countries (Georgia and Iceland), 
and the representatives of further three countries (Belarus, 
Moldova and Russia) responded to the first questionnaire 
only and were excluded from the analysis.

Population served by HD centres

We identified 184 centres responsible for maintenance HD in 
children, of which 123 were exclusively paediatric HD centres 
and 61 were mixed adult–paediatric centres. The population 
density of centres that perform paediatric maintenance HD var-
ies greatly: the representatives of two countries, Montenegro 
and Cyprus, state that there is no centre in their country. In the 
other countries, the number of centres in relation to the child 
population varies from one per 83,000 to one per 1,197,000 
and the estimated mean number of children on HD per centre 
varies from 0.2 to 13.5 according to the prevalence of paediatric 
maintenance HD in each country (Table 1 and Fig. 1).

Reimbursement of maintenance HD and transport 
to centres

National health insurance covers the cost of paediatric main-
tenance HD in all studied countries, and transport to the 
centre is also fully covered by the national health insurance 
in all countries except Belgium, where some families have 
to pay part of the cost of transport.
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Table 1   Number of dialysis centres providing paediatric maintenance haemodialysis (HD), respective paediatric population below 18 years of 
age, prevalence of long-term HD, estimated mean number of children on HD per centre and staff requirements in European countries

pmarp per million age-related population, NS not-specified, MD medical doctor, ND no data available
*Might be an underestimation of the true prevalence due to possible treatment in adult centres
§ ERA EDTA registry data which refer to the prevalence on December 31, 2021, unless stated otherwise, courtesy from Marjolein Bonthuis
@ Prevalence estimated using KfH (Kuratorium für Dialyse und Nierentransplantation) data, courtesy of Günter Klaus
$ Prevalence data for the year 2020
μ Prevalence data for the year 2018
£ Excluding patients from Scotland

Country Num-
ber of 
centres

Number 
of centres 
exclusively 
paediatric

Residents of 
the country < 
18 years

Paediatric 
residents of 
the country/
centre

Prevalence 
of long-term 
HD, pmarp < 
18 years§

Estimated 
mean number 
of children on 
HD/centre

Minimum 
number of 
MD per 
centre

Maximal number of 
patients during ses-
sions

Per nurse Per nurse’s 
aide

Albania 1 1 591,000 591,000 11.4* 6.74 NS 2 NS
Austria 3 1 1,562,000 520,667 1.8 0.94 NS 1 NS
Belgium 5 2 2,323,000 464,600 ND ND NS NS NS
Bosnia and 

Herzgovina
2 1 528,000 264,000 9.6 2.53 2 1 2

Bulgaria 1 1 1,191,000 1,191,000 2.5* 2.98 NS NS NS
Croatia 4 4 680,000 170,000 6.8* 1.16 2 2 4
Cyprus 0 253,000 4.2* NS NS NS
Czechia 3 3 2,028,000 676,000 2.9* 1.96 1 NS NS
Denmark 3 0 1,154,000 384,667 2.5 0.96 NS 1 NS
Estonia 2 2 263,000 131,500 3.8* 0.50 NS NS NS
Finland 1 1 1,033,000 1,033,000 1.8 1.86 NS NS NS
France 17 16 13,754,000 809,059 8.7 7.04 2 2 4
Germany 18 18 13,970,000 776,111 9.0@ 6.99 1 NS NS
Greece 2 2 1,760,000 880,000 8.9 7.83 2 3 3
Hungary 2 1 1,708,000 854,000 7.2* 6.15 2 3 NS
Ireland 1 1 1,197,000 1,197,000 3.2* 3.83 NS 3 NS
Italy 11 10 9,111,000 828,273 ND ND NS 3 NS
Latvia 1 0 359,000 359,000 2.7* 0.97 NS 4 NS
Lithuania 2 2 503,000 251,500 3.8* 0.96 1 3 NS
Malta 1 0 83,000 83,000 0.0* NS NS NS
Montenegro 0 136,000 ND NS NS NS
Netherlands 3 0 3,344,000 1,114,667 3.7 4.12 NS NS NS
North Mac-

edonia
1 0 378,000 378,000 6.9* 2.61 1 4 4

Norway 5 0 1,110,000 222,000 0.9 0.20 NS NS NS
Poland 12 6 7,027,000 585,583 6.0* 3.51 1 NS NS
Portugal 4 2 1,666,000 416,500 5.0* 2.08 NS 2 NS
Romania 4 4 3,721,000 930,250 14.5 13.49 1 4 NS
Serbia 1 1 1,179,000 1,179,000 5.2* 6.13 NS 3 NS
Slovakia 4 2 1,038,000 259,500 4.6* 1.19 1 4 4
Slovenia 1 1 379,000 379,000 7.5*$ 2.84 NS 2 NS
Spain 11 8 8,007,000 727,909 4.1* 2.98 1 2 NS
Sweden 4 0 2,197,000 549,250 2.6 1.43 NS NS NS
Switzerland 4 4 1,580,000 395,000 2.4*μ 0.95 NS NS NS
Turkey 28 9 23,089,000 824,607 3.5* 2.89 1 NS NS
Ukraine 9 7 7,325,000 813,889 6.0* 4.88 2 6 NS
UK 13 13 14,393,000 1,107,154 6.7£ 7.42 3 3 NS
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Regulations defining the minimum age for dialysis 
in an adult HD centre

The age at which a child can be dialysed in an adult HD cen-
tre is not specified in 10 (28%) countries. This age is highly 
variable in other countries, ranging from no lower limit in 
3 (8%) to 18 years in 12 (33%). This lower age limit of 18 
years is based on an unwritten consensus in 7 (19%) coun-
tries and on laws or written recommendations in 5 (14%). 
In 11 (31%) countries, children can be dialysed in adult 
centres from the age of 3 up to 16 years: 3 years in North 
Macedonia, 4 years in Estonia, 5 years in Ukraine, 8 years 
in France, 10 years in Lithuania, 14 years in Bosnia and 
Herzegovina, 15 years in Slovakia and 16 years in Greece, 

Ireland, Montenegro and the UK (Fig. 2). Overall this age 
is set by law in 5 (14%) countries and by written recom-
mendations of paediatric nephrology societies in 4 (11%), 
while in the remaining 27 (75%) countries, only an unwrit-
ten national consensus or no rules were reported (Fig. 3 and 
Supplementary Table 3).

In nine (25%) countries, there are no dedicated paediat-
ric dialysis centres, but seven (19%) of them provide mixed 
adult–paediatric centres (Table 1).

Multidisciplinary teams in dialysis centres

The rules surrounding multidisciplinary teams caring 
for children in dialysis centres in charge of children are 
described in Table 1, Supplementary Table 3 and Fig. 3. 
Laws or written national recommendations regarding the 
minimal number of medical doctors per centre exist in 22% 
of countries, and these exist for the maximum number of 
patients per nurse during HD treatment in 44% countries 
and for the maximum number of patients per nurse aide 
in 8% (Table 1, Fig. 3 and Supplementary Table 3). The 
number of healthcare providers required varies consider-
ably between these countries (Table 1).

Dietitians, social workers, school service, psycholo-
gists and play specialists/youth workers are required by 
law or written recommendations in 36, 28, 36, 31 and 
14% of countries, respectively (Fig. 3 and Supplementary 
Table 4).

For children haemodialysed in an adult centre, legislation 
or written national recommendations require the presence 
of a paediatrician in 8 (22%) countries (Fig. 3 and Supple-
mentary Table 3).

Fig. 1   Number of paediatric 
residents (< 18 years of age) per 
dialysis centre providing paedi-
atric maintenance haemodialy-
sis in European countries

Fig. 2   Minimal patient age required for maintenance haemodialysis in 
adult dialysis centres, in the 36 European countries
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The availability of physicians and nurses to provide HD 
outside of regular hours (urgent HD) is required by law in 
16 (44%) and 10 (28%) countries, respectively. Provision of 
urgent HD outside of regular hours is required by national 
law or written national recommendations in 14 (39%) coun-
tries (Fig. 3 and Supplementary Table 5).

Discussion

The present study highlights the scarcity and major dis-
parities in the laws and written recommendations govern-
ing the organisational aspects of paediatric maintenance 
HD in Europe. There are indeed major differences between 
European countries regarding the minimum legal or recom-
mended age for paediatric patients in adult HD units, the 
structure of the multidisciplinary team in the units and the 
provision of on-call services. When they are present, the 
type of rules (law or written consensus) is probably a func-
tion of the national legal system, but in both cases seems to 
be evidence of a highly structured organisation.

Another key finding is a highly uneven distribution of 
centres identified as in charge of paediatric maintenance HD 
in Europe. The representatives of Montenegro and Cyprus 
declare having no HD facility for paediatric maintenance HD 
in their country, probably because of rarity of maintenance 
HD in such small countries. In other countries, the mean 
number of national residents below 18 years of age for whom 
HD has to be provided varies by a factor of 10. This hetero-
geneity in the density of centres is probably due to a number 
of factors: historical, political, geographical and financial, 
but mainly to the prevalence of kidney failure, transplanta-
tion, peritoneal dialysis and HD. Nevertheless, heterogeneity 
between countries still persists after considering differences 
in national HD prevalence, as shown by the estimated mean 

number of children receiving HD per centre. This differ-
ence in centre density also probably reflects the difficulty of 
defining what a dialysis centre in charge of paediatric HD 
is. Thus, some children are probably dialysed in adult units 
not considered by the national representative as facilities in 
charge of paediatric HD. In 7 (19%) countries. all dialysis 
facilities in charge of children are mixed adult–paediatric, 
while in 19 (53%) other countries, all or nearly all facilities 
are exclusively paediatric. The proportion of children treated 
in exclusively paediatric or mixed adult–paediatric facilities 
is known in some countries: around half of children in each 
type of facility in the United States in 2016 [6], while in 
France, 90% of children started their dialysis in a paediatric 
centre in 2021 [8]. The strengths and weaknesses of each of 
these two types of centres for the care of children are dif-
ferent; however, the outcome of children receiving HD in 
mixed versus dedicated paediatric dialysis centres has not 
been studied. Differences in reimbursement by the national 
health insurance system do not explain this variability in 
the density of centres, as shown by the total coverage of 
costs in all countries. While long distances to the HD centre 
may pose a substantial additional burden to the families, 
e.g. for children in a vast country like Finland, this has to be 
balanced against small patient numbers on HD and greater 
experience in larger HD centres, especially for children with 
rare or complex conditions.

Anatomical, (patho-) physiological and psychosocial rea-
sons determine that HD in children differs substantially from 
that in adults. It is probably inadequate that 27 (75%) of the 
36 European countries have no rule regarding the lowest 
age allowing for care in adult dialysis centres, while only 
5 (14%) have a law and 4 (11%) have written recommenda-
tions by the Paediatric Nephrology Society. No limitations 
for age are defined in three countries, probably because all 
centres in charge of paediatric HD in these three countries 

Fig. 3   Type of rules governing maintenance paediatric haemodialysis (HD) in Europe: percentage of countries with each type of rules or without 
rules
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are mixed adult–paediatric. Conversely, 12 countries require 
dialysis of patients below 18 years of age in paediatric dialy-
sis centres. Among them, eight were described as having 
only exclusively paediatric centres in charge of paediatric 
maintenance HD, while representatives of Austria, Poland, 
Portugal and Spain indicated that some centres were mixed 
adult–paediatric. Even though the findings of the survey 
presented herein do not inform on the number of children 
on HD treated in adult dialysis centres in each country, they 
demonstrate the need for harmonisation and setting mini-
mum standards of care for paediatric HD to prevent potential 
harm for paediatric patients.

Similarly, there is a major imbalance in the minimum 
number of staff required between the European countries 
and more than three-quarters of countries do not have any 
legal/written minimum requirement. In contrast, French law 
requires that the medical staff of each paediatric HD centre 
includes at least two paediatric nephrologists with at least 2 
years’ practice in an academic paediatric nephrology centre 
[9]. The patient-to-physician ratio may influence the quality 
of care, but physician experience, consistency in the dialysis 
staff, as well as investment in the care of children on dialysis 
probably play a greater role in improving outcomes. The 
maximum number of patients per nurse during HD sessions 
is required by law or written recommendations in less than 
half of the countries, while it seems particularly important 
for quality of care. For instance, in adults, an increase in 
this ratio was associated with an increase in hospital-wide 
30-day unplanned readmissions in the United States [10] 
and a higher number of HD sessions performed by a nurse 
per working day was associated with an increase in patient 
mortality [11] and a decrease of dialysis adequacy in Korea 
[12]. In addition, patient survival is lower among American 
adults [13] and children [14] in for-profit dialysis facilities 
than in nonprofit centres, where the patient-to-nurse ratio 
is lower [15]. Finally, a higher level of experience among 
maintenance HD nurses has been shown to be associated 
with better quality of care [12, 16]. The American Society 
of Pediatric Nephrology recommends a ratio of one to two 
patients per nurse during sessions, according to the child’s 
age and stage of development [6] and French law requires 
one nurse for every two children and one nurse’s aide for 
every four during sessions [9]. Again, national standards are 
needed to comprehensively define minimal requirements for 
qualified personnel in dialysis centres in charge of children, 
including the number of physicians, nurses, nurse’s aides, 
dietitians, psychologists, social workers, play therapists 
and school teachers dedicated to children on HD. In addi-
tion, human and technical resources should be defined for 
life-saving emergency HD services outside normal working 
hours.

The critical impact of adequate care is well illustrated 
by the essential need for optimised nutrition. Strict dietary 

restrictions have to be followed, which is particularly dif-
ficult in adolescents (unless intensified HD or haemodiafil-
tration is performed) and young children often require tube 
feeding. Malnutrition and obesity are both well recognised 
in paediatric dialysis. Addressing these issues improves 
growth, reduces infections, cardiovascular comorbidities and 
mortality and increases the likelihood of receiving a kidney 
transplant [17–20]. Support by specialist dieticians should 
be compulsory in all countries.

The long-term impact of psychosocial aspects is also 
paramount [21], due to the severity of their illness, but 
also to the density of care. As a result, anxiety or depres-
sive disorders are frequent [22], requiring psychological or 
even psychiatric care. Neurological impairments are also 
reported, due to the underlying disease and/or intradialytic 
hypotensive episode-related brain injury [23–25]. The neg-
ative social impact of kidney failure in childhood persists 
into adulthood and results in a lower socio-economic level, 
higher unemployment rate, poorer social life, fewer partner-
ships and longer stays within the parental home compared 
with healthy adults [26, 27]. This should encourage psycho-
social support in HD centres in charge of children.

The present study does have some limitations. The dis-
tinction between the absence of rules and an unwritten 
consensus is debatable and probably sometimes subjective, 
which is why we combined these two answers in the analy-
sis. Furthermore, it cannot be ruled out that the answers 
of national representatives may have been influenced by 
personal opinion and practice, rather than official rules. To 
minimise this risk, they were nominated and/or approved by 
the president of their national paediatric nephrology society; 
it is also of note that representatives of 36 of the 42 countries 
provided all the requested information, making this survey 
representative. There is also the question of a precise defini-
tion of “a paediatric HD centre” and “a HD centre in charge 
of children” that can vary from one country to another 
and also vary over time according to needs. Furthermore, 
in mixed adult–paediatric centres, human resources com-
posing the multidisciplinary team are shared for the care 
of both children and adults; and in exclusively paediatric 
centres, it is difficult to identify human resources specifi-
cally allocated to the HD unit and these resources can vary 
over time according to needs (i.e. the number of children on 
HD decreases when the number of kidney transplantations 
increases). In these paediatric centres, human resources can 
also be shared with other paediatric sub-specialities.

While it is important to consider country-specific factors 
such as national income, population density and geography, 
essential medical requirements for safe and effective dialysis 
that are applicable to all countries should be established. 
The findings reported herein may help discussions among 
European paediatric nephrologists, adult nephrologists and 
healthcare commissioners in order to optimise the resources 
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allocated to paediatric HD in each country according to 
national parameters and centres’ characteristics. For coun-
tries without laws or recommendations, these should provide 
a basis for the establishment of an official framework; for 
countries with existing laws and/or national recommenda-
tions, these findings provide the opportunity to review and 
adapt these to international standards.

Conclusion

Laws or written national recommendations for paediatric 
maintenance HD are rare in European countries and very 
heterogeneous when they do exist. This calls for discussion 
among paediatric and adult nephrologists and national and 
European health authorities on the organisation of safe and 
effective paediatric HD practices.
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